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Abstract
International cooperation between national road owners can aid structuring and implementing climate change adaptation strategies 
throughout the European network. Climate change adaptation on roads can be defined as the concrete measures implemented to 
reduce vulnerability to more extreme weather phenomena in the future in order to increase resilience and robustness for continuous 
road safety and mobility. As evident in multiple scientific papers and authorities, such as the IPCC, climate change adaptation is 
gaining more general interest and political focus since actions of mitigation to climate change no longer seem to singlehandedly 
provide sufficient effect to future sustainable transportation on roads.
As with actions related to mitigating climate change, allocating resources to climate change adaptation and successfully anchoring 
this subject in an organization, e.g. a national road authority (NRA), can be a highly demanding task which oftentimes can be 
overwhelming in its nature. Implementation of climate change R&D projects, alone, is a topic where interdisciplinary approaches 
are of high request, regularly resulting in time-consuming processes with many potential pitfalls, politically and technically.
Therefore, the CEDR I4 group on mitigation and adapting to climate change has decided to have the following three topics as 
a combined objective to generate an outcome which will act as a template for organizations, e.g. NRAs, to initiate, develop, and/or 
complete climate change adaptation measures:
x Strategy and action plan
x Awareness
x Risk methodology approach
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The strategy template will focus on managing, improving, preventing and cooperation, and will provide specific examples on areas 
to study. These include examples of information to road users, incident management, implementation through planning phases, 
tools for risk analyses, legislative work, research and information sharing and many others. Likewise, a template for an action plan 
is provided, giving examples on how to ensure responsibility and anchor climate change adaptation in the organization in order to
actually direct the organization towards a more climate-resilient profile. The organizational awareness of climate change adaptation 
in an interdisciplinary context is considered undeniably crucial in this regard, since this will form the basis on how to act and 
prioritize resources. Examples of known methodologies of climate change adaptation will be highlighted to act as inspirational 
examples. As an example, such methodologies include risk mapping, e.g. the Blue Spot model or the Quick Scan approach.
© 2016The Authors. Published by Elsevier B.V..
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1. CEDR, Climate change adaptation
This paper will describe the CEDR I4 group working with climate change adaptation and mitigation and present 
how international cooperation between national road owners can aid structuring and implementing climate change 
adaptation work. The outcome will be available by CEDR in 2016.
1.1. CEDR, Working with climate change adaptation
CEDR (Conference of European Directors of Roads) is a European confederation of national road authorities 
(NRAs) that has as direct purpose to enable a direct channel of research, knowledge- and experience-sharing across 
European NRAs to analyze and debate matters related to road management in all its many and diverse aspects. One 
topic related to road management addressed by CEDR is climate change which, over recent years, has gained an 
increased attention and continues to do so. Addressing climate change is becoming a very important task in CEDR, 
as road owners see the consequences of changes as an increasing matter. This is highly due to climate change related 
consequences that oftentimes will compromise the key undertaking of NRAs; continuous safety and mobility on roads.
The current CEDR work program, Strategic Plan 3 (SP3), has a task group dedicated to working with climate 
change. However, working with climate change is not a unified topic; both mitigation and adaptation to climate change 
are sub-topics of working with climate change, albeit fundamentally dissimilar. Therefore, the task group is divided 
into two groups, respectively working with mitigation and adaptation. This paper will describe how the CEDR task 
group working with climate change addresses the latter sub-topic, climate change adaptation. 
In short, climate change adaptation is the overall term for upgrading, ensuring and/or empowering items, 
mechanisms, infrastructure, etc. to be able to manage consequences of present and future climate conditions, which 
entail a higher frequency of extreme weather of diverse categories. Measures of climate change adaptation are 
oftentimes proactive in their nature.
Therefore, climate change adaptation is fundamentally dissimilar to climate change mitigation; mitigation measures 
strive to minimize the magnitude and impacts of climate change by introducing methodologies, legislations and/or 
reductions to lessen greenhouse gas emissions. 
1.2. Why adapt roads to climate change?
Evidently, by following the trend in how leading scientific publications, e.g. from the IPCC report of 2007 to the 
report of 2013/2014, over recent decades and even years have modified likely climate scenarios, there is no repudiating 
that significant warmer climate scenarios are considered ever more expected. This trend is expressively linked to 
global inadequacy of timely and sufficient mitigation activities (IPCC, 2014). Consequently, the future climate is 
likely to be more than 2 ºC warmer on a global scale compared to the reference climate period ranging from 1961-
1990 leading to unavoidable impacts (EU white paper, 2009).
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Thus, relying on climate change mitigation measures to manage the future climate is now hard to regard as 
sufficient as a sole solution whereby adaptation measures are gaining more attention, still, alongside continuous 
mitigation research and implementation.
One sector in particular where challenges will arise due to the consequences of climate change is the management 
of roads. Adapting roads to climate change is crucial to ensure full functionality and, thereby, to maintain safety and 
mobility. Today, there are various adaptation tools and methodologies available from various countries and institutes 
to enhance road resilience for future climate scenarios. A comprehensive range of such tools and methodologies have 
been developed and illuminated within CEDR programs. E.g. RIMAROCC, SWAMP, ROADAPT, among others. 
Thus, there are therefore numerous research results to be chosen from to adapt for climate change, but 
implementation and integration into everyday working methodologies has been and is oftentimes found as 
a challenging task and something that all national road authorities (NRAs) on some level struggle with. This is vastly 
considered to be instituted in the fact that climate change adaptation involves considerable resource input; both in 
terms of economical and labor inputs.
The objective of the CEDR group is to investigate and highlight success stories of implemented and applied 
adaptation methodologies in NRAs (Danish Road Directorate, 2013; Swedish Transport Administration 2014). 
Hereby, the adaptation subgroup will produce a procedure and overview for NRAs, who have yet to implement climate 
change adaptation. A tangible and comprehensible approach to initiate a higher degree of climate change adaptation, 
with experiences, methodologies and lessons learned from other NRAs, enhancing the political and technical aspect 
of adaptation measures combined.
More specifically we will focus on the following key aspects of initiating climate change adaptation, from thought 
to implementation; strategy, action planning, methodologies/tools, and awareness since it is our strong believe that 
emphasizing, describing, and template-forming these topics can, and will, lead to more climate change adaptation 
across borders, resulting in more resilient roads.
The section on strategy will focus on managing, improvement, prevention and cooperation, and will provide 
specific examples on areas to work with. These include examples of information to road users, incident management, 
implementation through planning phases, tools for risk analyses, legislative work, research and information sharing
and many others.
A template for an action plan is provided in the end-report available in 2016, giving examples on how to ensure 
responsibility and anchor climate change adaptation in the organization in order to actually direct the organization 
towards a more climate-resilient profile. The organizational awareness of climate change adaptation in an 
interdisciplinary context is considered undeniably crucial in this regard, since this will form the basis on how to act 
and prioritize resources.
2. Outputs and recommendations 
The following sections will concisely describe the background, focus and work approach of the main objectives 
envisioned to enhance and facilitate climate change adaptation in NRAs to more successful extents; strategy and action 
plan, awareness, and methodology.
All sections within this chapter are constructed on the basis of research conducted by the CEDR group working 
with climate change adaptation. The research is conducted by including knowledge, success stories, known initiatives, 
etc. from member countries of the group alongside inquires to supplementary NRAs. Furthermore, the research is 
complemented by outputs of previous and ongoing CEDR programs related to climate change adaptation, e.g. 
RIMAROCC, SWAMP and ROADAPT.
2.1. Guideline to a strategy and action plan
A strategy is a plan for the future reaching far ahead. It is important to know in which direction to head in order to 
move at all. The objective can, and probably will, relocate itself in a process and, thus, it is important to enable ongoing 
revision of the strategy as knowledge and organization change over time. In order to craft a sustainable strategy, it is 
important to convey this in an easily comprehensive manner, plus, it must be able to translate into relevant plans of 
action.
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Working with climate change is a matter of venturing into navigation towards targets constantly moving and are 
hard to locate precisely. Therefore, venturing is centered on decisions on concrete objectives and targets and 
subsequently standing by it until it is evident that a change in objective is necessary. If no change is made, the 
organization will not be able to navigate and staff will carry on as usual.
The strategy will form basis for prioritizing. This is a central purpose since very few NRAs can embrace all working 
processes in this regards. Oftentimes, there are more opportunities and bright ideas than resources available to carry 
these out. In this context, the strategy will act as guidance to prioritizing on where to allocate resources. The 
prioritizing is often, first and foremost, linked to economy. This is likewise the case in climate change-related projects. 
In order to drive implementation of climate change projects into the organization, it is important to be prepared to 
argumentation, both for and against. A thoroughly comprised strategy can be a result of such considerations. 
Strategies and actions plans are either in effect or will soon be in NRAs in Denmark, Sweden and Ireland where 
they have contributed to larger degrees of climate change adaptation across various departments. Below are examples 
of the content of strategies already in effect.
The main output for the end-report is templates for strategy- and action plan and initiatives, which act as guidelines 
for strategy- and action plan implementation for NRAs.
2.1.1. Management
Incidents causing decreased mobility and safety on roads as a result of extreme weather are empirically 
unavoidable, and such incidents are projected to increase in the future due to consequences of climate change. 
Therefore, management is a subject of multiple subjects which are all crucial to include in a strategy. Examples on 
management subjects include incident management, information management, clearing-up management and available 
depot equipment. 
As an example on how one of these could take place in a strategy, incidents management include plans for how to 
handle specific situations of climate change ‘induced’ crisis, e.g. flooding, landslides etc. Furthermore, a plan for 
incorporating climate incidents in general emergency planning and drills could beneficially be included in climate 
change incidents management.
2.1.2. Improvement and prevention
Improving roads for a future higher stress caused by more frequent extreme weather is a key aspect to achieve 
a higher resilience and thereby prevent incidents to occur as repeatedly as projected. Improvement and prevention, as 
a part of a climate change adaptation strategy, can range across various types of initiatives stretching from proactive 
desk-work to on-site upgrading.
Exemplified, improvement involves analysis and logging of climate change-related incidents in order to improve 
future handling of incidents and thereby adapt. Thus, a benchmark for a climate change-related incident has to be 
specified for the specific NRA. Through such benchmark, pinpointing stretches of roads where incidents are over-
represented can facilitate a more focused and effective allocation of resources to climate change adaptation. 
A methodology to identify such stretches of roads is developed in the ROADAPT project, entitles the Quick Scan. 
Risk mapping is considered to act as a central measure for incident prevention. Resources for climate change 
adaptation are oftentimes found as limited which calls for efficient and potent solutions. Through risk mapping, 
adaptation needs are identified, effectively revealing where adaptation resources are spend most efficiently. The 
abovementioned Quick Scan methodology is an example of such risk mapping approach. Alike the Quick Scan 
methodology, the Blue Spot model, developed in the Danish Road Directorate, has as main purpose to identify road 
stretches that are vulnerable to extreme weather occurrences.
In such context, is it important to highlight that multiple models rely on multiple types of data inputs to compute. 
Such data may not be equally available across country borders which may render such analysis unfeasible in some 
countries, but in the same context act as a way to highlight procurement needs of additional data to increase prevention 
activities.
2.1.3. Cooperation
A significant part of most road networks are placed adjacent to other land uses, managed by multiple authorities, 
institutes, etc. To enable the most effective planning and implementation of climate change strategy, it is considered 
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fundamental to integrate the incorporation of relevant outside partners in a strategy for a higher success rate of 
adaptation. Therefore, identifying relevant third parties and focusing on interdisciplinary approaches is especially 
important in climate change adaptation since many different factors are involved.
As an example, the increase of more extreme future precipitation will result in a higher demand of water 
management for NRAs to keep roads safe and open. Since water does not recognize and necessarily follow borders 
between various authorities, managing the future increase in water requires an interdisciplinary and inter-
organizational approach. Specifically, drainage systems may lead from a NRA-management directly into 
a municipality-management. Therefore in this example, a unified approach between an NRA and a municipality is 
paramount for optimum conditions of climate change adaptation. 
2.2. Awareness of climate change adaptation
As a key aspect of a strategy, awareness for the specific matter is crucial for success. Climate change is a growing 
concern in most European countries and their NRAs. It is undisputed that the changing climate in the 21st century will 
have drastic effects on the existing infrastructures. In order to prevent climate change related negative impacts on 
infrastructures, operations and, ultimately, the economy as a whole, adequate mitigation and adaption measures have 
to be defined and met.
Albeit the purpose, namely the reaction to the increasing number of climate change related extreme weather events 
that are negatively affecting the integrity and safety of roads, is similar, the approaches of mitigating or adapting to 
decrease or stop climate change are rather different.
Under mitigating measures all means avoiding climate change can be subsumed, e.g. the use of “green” concrete 
or optimising traffic flow via intelligent transport systems. Adaptation on the contrary are the constructional means 
that have to be considered in planning new or maintaining existing infrastructural projects. Therefore, mitigation 
represents the long-term and adaption the short-term solutions to the implications of climate change.
The intensified communication and forcing of a climate change adaptation within the CEDR has to be promoted 
under the lead of those NRAs who are having the most noticeable climate change related effects on their infrastructure. 
The implementation for the awareness of climate change adaptation in the different NRAs can be done subsequently 
or in parallel.
Yet the communication between the stakeholders planning, financing, building and maintaining road infrastructure 
regarding the awareness of climate change has to be improved. This should enforce the understanding of climate 
change related events and sensitise how these events affect the infrastructure in different ways (e.g. heavy rains vs 
droughts, frost damages vs heat damages). Therefore, it is utterly important to intensify the communication between 
authorities and to create structures to enable the communication between state and municipalities. This should lead to 
the exchange of knowledge and strategies on a very broad and solid basis, thus helping to raise awareness and find 
the right in time strategies.
As a simple tool for creating awareness and as part of an action plan, implementing a higher degree of pushed 
communication within an NRA could yield good results of an increased awareness. Such communication could have 
form of obligatory smaller sessions of example lecturing and/or bespoke information to the respective department on 
ways to incorporate climate change adaptation into everyday methodologies and thinking.
2.3. Risk methodology approach
As written earlier, risk mapping holds a particular high value as part of a strategy for the ease of implementing 
climate change to an NRA since it will display specific stretches of roads where resources are best allocated for 
optimum use. 
The risk identification methods can be divided into different types of categories. One category consists of methods 
that are based on known facts, in one way or the other. An example is the Quick Scan method where professionals 
with different experience and background gather to talk about known risks along a certain road. The group can e.g. 
consist of geotechnical engineers, road engineers, planners, contractors and project leaders (Bles et al. 2015). Another 
similar method is based on inventories of known risks along a chosen road, for example areas susceptible for landslides 
or erosion. The risks are identified, categorised and classified. This method is also based in the knowledge and 
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experience professionals have from working with roads (Swedish Road Administration, 2005). Another type of
methods in this category are the ones that use historical data from natural hazard related events, like flooding, for 
example. Databases of recorded events, like when roads were closed down, can be used to identify spots that have 
earlier been affected and might therefor be at risk again (Keller et al., 2014). It is also possible to use methods such as 
risk tree analysis that investigate natural hazards in order to gain experiences and identify risks and potential risk areas 
as a part of resilience work (Santos et al., 2010).
Several methods fits into the category that has a broader, more general, approach. These methods can be seen as 
more of a handbook or manual where several maps and registers are used in order to analyse, visualise and evaluate 
hazards and risks. Examples of these types of maps are danger maps, vulnerability maps and earthquake maps
(National Platform for Natural Hazard in Switzerland, 2005). Other methods are very specific in targeting a certain 
type of risk or focus at a certain part of the infrastructure. It can for example be a method about rating rockfall hazards 
along roads and quantifying the risks before necessary actions are taken (Settimo et al., 2012). Or it can be a method 
about how climate change is affecting the pavement deterioration process and how specific geographical areas along 
the roads therefore are more in risk than others (Meagher et al. 2014). Another example of these type of methods is 
when traditional risk-matrix is used for risk- and susceptibility (RAS) analyses of culverts with respect to weather 
related events in order to identify vulnerable geographical locations on a longer stretch of the road (Statens Vegvesen, 
2011).
Many methods rely on access to different types of data, for example hydrological and terrain data. The Blue Spot 
model, as an example, is a model which employs such data types. By using high resolution digital terrain model it is 
possible to predict which areas can be flooded when the precipitation increases (Axelsen & Larsen, 2014). By studying
the catchment area characteristics and land use it is possible to investigate how risks are increasing, for example if a 
woodland is clear cut (Kalantari et al. 2014). Methods in this category are sometimes using very advanced data, for 
example satellite data to identify areas vulnerable to rockslides made which makes it possible to monitor risks over a 
long time period and be a complement to ground based monitoring (Swedish Road Administration, 2005).
Each method in the different categories requires different sets of data. Some of the more basic methods are based 
on few types of data and data that is accessible in most countries. However, many of the methods are not possible to 
use without access to more advanced data, models, tools and software. This fact can make it difficult to apply all of 
methods.
3. Summary
This paper describes how the CEDR group working with climate change adaptation focusses on how to increase 
implementation on adaptation in national road authorities through highlighting the foundations of such task; strategy 
assembling, action planning, increasing awareness and risk methodology approach. The outcome will be available by 
CEDR in 2016.
Adapting roads for climate change is a substantial task for a road authority which involves interdisciplinary 
approaches through the majority of the organization. Many potential barriers arise by incorporating new approaches 
to existing procedures of road management. 
To overcome such barricades, the CEDR group working with climate change addresses this very issue and will 
provide two templates on strategy and action planning. Such template relies on existing success stories and research.
Much data, information, and methodology is available today, however, employing and implementing climate 
change adaptation on the basis hereof is difficult without planning, strategy and action plans. Therefore, the CEDR 
group centers a report available in 2016 on these very subjects to enable national road authorities an important step 
towards prioritizing and implementing climate change adaptation to a higher degree for a more resilient profile.
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